Background: Independent central review of clinical imaging remains the standard for oncology clinical trials with registration potential. A limited independent central review strategy has been proposed for solid tumor trials based on concordance between central and local evaluation of response. Concordance between independent central review and local evaluation of response in hematological malignancies is not known. Methods: We retrospectively evaluated concordance between prospectively performed central and local assessments of response using the Revised Response Criteria for Malignant Lymphoma across two international, open-label, singlearm, registration studies of brentuximab vedotin in patients with relapsed or refractory Hodgkin lymphoma (N = 102) or systemic anaplastic large-cell lymphoma (N = 58). Results: Overall objective response rates were similar between assessors for both the trial in Hodgkin lymphoma (75% independent central review, 72% local evaluation) and the trial in anaplastic large-cell lymphoma (86% independent central review, 83% local evaluation). Patient-specific objective response concordance was also substantial (Hodgkin lymphoma: kappa = 0.68; anaplastic large-cell lymphoma: kappa = 0.74). Median progression-free survival was similar between assessors for patients with anaplastic large-cell lymphoma (14.3 months by independent central review (95% confidence interval: 6.9, -); 14.5 months by local evaluation (95% confidence interval: 9.4, -)), but longer by local evaluation in patients with Hodgkin lymphoma (5.8 months by independent central review (95% confidence interval: 5.0, 9.0); 9.0 months by local evaluation (95% confidence interval: 7.1, 12.0)). Median duration of response was longer by local evaluation in both malignancies, which was primarily attributable to earlier computed tomography and positron emission tomography-based scoring of progression by independent central review. Conclusion: A limited independent review audit strategy for clinical trials of some lymphomas appears feasible and practical based on substantial concordance in assessments of overall objective response by central and local evaluation in two international, prospective, registration trials in lymphoma. Some variability between assessors in the time-to-event endpoints was observed, which appeared attributable to earlier assignments of progression by independent central review compared with local evaluation.
Introduction
Objective response rate, considered a direct measure of antitumor activity, is one of the endpoints recommended by the Food and Drug Administration (FDA) for approval of anticancer trials based on single-arm trials, and response duration and progression-free survival are considered supportive endpoints. 1 Response and progression are generally assessed according to standardized criteria: the Response Evaluation Criteria in Solid Tumors (RECIST), version 1.1 for solid tumors; and the International Working Group Revised Response Criteria for Malignant Lymphoma for lymphoma. 2, 3 RECIST employs mainly computed tomography (CT) scans, whereas the revised International Working Group criteria typically employ positron emission tomography (PET) scans in addition to CT scans and non-radiographic evaluations, such as of the bone marrow.
To ensure uniform application of response criteria in oncology, the use of fully independent central review of tumor measurements has been recommended by regulatory agencies. 1 A limited auditing strategy has started to gain consideration among regulators based on results from meta-analyses showing reasonable concordance between independent central review assessments and local evaluation of response in patients with solid tumors. [4] [5] [6] [7] [8] [9] [10] The overall concordance between lymphoma response assessments by local evaluation and independent central review has not been previously evaluated. Systematic investigator bias, heterogeneity of lymphoma disease burden among patients, and multiple variables that comprise the response evaluation each might be anticipated to lead to significant discordance between assessors. To investigate the degree of local and central concordance in assessment of response in hematological malignancies, we retrospectively analyzed the concordance of local and central evaluation of response across two phase-2, open-label, single-arm, registration studies of brentuximab vedotin in patients with relapsed or refractory Hodgkin lymphoma or systemic anaplastic large-cell lymphoma.
Patients and methods

Study design
The two registration studies that provided data for this analysis were conducted in patients with relapsed or refractory Hodgkin lymphoma (N = 102) and patients with relapsed or refractory systemic anaplastic large-cell lymphoma (N = 58). 11, 12 Both studies were singlearm, multinational, open-label, phase-2 studies conducted in the United States, Canada, and Europe. The primary efficacy endpoint was objective response rate per independent central review, and progression-free survival and duration of response were secondary endpoints. Local evaluation of efficacy endpoints was used for clinical management of study patients and was collected as a protocol-defined exploratory analysis. The studies were approved by each investigational site's institutional review board or ethics committee.
Patients and treatment
The Hodgkin lymphoma study enrolled patients with relapsed or refractory Hodgkin lymphoma after autologous stem-cell transplantation from February to August 2009, and the anaplastic large-cell lymphoma study enrolled patients with relapsed or refractory systemic anaplastic large-cell lymphoma from June 2009 until May 2010. Patients provided informed consent in accordance with the Declaration of Helsinki. Both studies required documented CD30-positive disease by central pathology review. Brentuximab vedotin 1.8 mg/kg was administered by intravenous infusion every 3 weeks for up to 16 cycles.
Study assessments
Disease assessments included baseline documentation of disease-related signs and symptoms, a physical examination, bone marrow biopsy, and radiographic studies, including CT of the neck, chest, abdomen, and pelvis and fluorodeoxyglucose-PET. Subsequent clinical and radiological (CT) assessments were performed at Cycles 2, 4, 7, 10, 13, and 16; PET assessments were performed at Cycles 4 and 7. Patients with stable disease or better at the end of treatment continued to be followed by CT every 12 weeks until progressive disease was assessed by the investigator. Response was to be assessed according to the revised International Working Group criteria. 2 Up to six of the largest dominant nodes or nodal masses were to be followed for response. The lesions were to be selected at baseline and were required to be PET fluorodeoxyglucose-avid at baseline.
The methodology for the independent central review facility (BioClinica, formerly known as CoreLab Partners and as RadPharm; Princeton, NJ) was detailed under a charter. Briefly, each patient was assessed by radiological review of CT/PET images performed independently by two radiologists; in the case of discordant results, a third radiological reviewer adjudicated. Radiological review was followed by a clinical data review performed by an oncologist. Final determination of response was made by an additional oncologist using the radiological and clinical data reviews. All reviews were conducted in a blinded fashion such that readers did not have access to sites' assessments of response and were restricted from communicating with the sites. Review was performed on a rolling basis throughout the course of the study according to a sequential locked read paradigm.
Local evaluation of clinical response followed guidelines in the study protocol. All response assessments were reviewed per the revised International Working Group criteria and source-verified by the sponsor.
Statistical analysis
This retrospective analysis is based primarily on the data cuts used to support the Hodgkin lymphoma and anaplastic large-cell lymphoma studies' final primary analyses performed after the last patients' end-of-treatment visit, which occurred in August 2010 and June 2011, respectively. A subsequent data cut (June 2013) was used to examine long-term data in a subset of patients.
Objective response rate was defined as the proportion of patients with complete remission or partial remission. Kappa coefficients were calculated to characterize the agreement in response assessments between local evaluation and independent central review (kappa = 1 implies perfect agreement). 11 Progression-free survival was defined as the time from start of study treatment to first documentation of objective tumor progression or death due to any cause, whichever came first. Progression-free survival was censored at the last radiological assessment documenting absence of progressive disease for patients who were removed from the study or who started another treatment other than stem-cell transplant. Duration of response was defined as the time from start of the first documentation of objective tumor response (complete or partial remission) and was censored in the same manner as progression-free survival.
Results
Patient characteristics, treatment exposure, and the primary safety and efficacy findings of these studies have been previously reported. [12] [13] [14] 
Comparison of assessments of objective response by independent central review and local evaluation
The objective response rate by independent central review and local evaluation was nearly identical for both Hodgkin lymphoma (75% by independent central review and 72% by local evaluation) and anaplastic large-cell lymphoma (86% by independent central review and 83% by local evaluation) ( Table 1) . Concordance between independent central review and local evaluation for objective response at the individual patient level was substantial (kappa coefficients = 0.68, 95% confidence interval (CI): 0.51, 0.84 (Hodgkin lymphoma) and 0.74, 95% CI: 0.49, 0.99 (anaplastic large-cell lymphoma)).
Most discordance at the level of best response was between the complete and partial remission categories ( Table 2 ). Although smaller than those for objective response, kappa coefficients for best response were still considered moderate (Hodgkin lymphoma) to substantial (anaplastic large-cell lymphoma). Different PET interpretations contributed to the majority of discordance between complete remission and partial remission (9 of the 15 discordant complete/partial remission assessments in Hodgkin lymphoma and 5 of the 6 discordant complete/partial remission assessments in anaplastic large-cell lymphoma). In total, 17 patients had discordant objective response assessments. In 12 patients, different CT interpretations led to discordant assessments of objective response, primarily at the level of partial remission and stable disease (10 patients, Figure 1 ). Achievement of partial remission requires a 50% decrease in the sum of the products of diameters of up to 6 of the largest dominant masses. 2 The different CT assessments were primarily due to variability in reduction of the sum of the products of diameters, which was attributable to selection of different index lesions and variations in their measurements.
In two patients, the different CT interpretations led to discordance at the level of complete remission and stable disease ( Figure 1 ). For one patient (''Other''), the site did not record lesion measurements from the patient's endof-treatment CT/PET scan, and the patient was assessed by local evaluation as having stable disease despite all lesions being PET-negative. The CT/PET scan was used by independent central review to calculate the sum of the products of diameters, and a complete remission was declared based upon resolution of lesions and a negative PET scan. In the other patient, progressive disease was declared by independent central review based on the identification of a new lesion. Although the patient was subsequently assessed by independent central review as having partial remission, per the charter, a patient's best overall response could not be classified as complete or partial remission if a determination of progressive disease preceded the assessment.
Four patients had discordant objective response assessments due to variability in reduction of the sum of the products of diameters, as well as residual masses with qualitatively different PET interpretations ( Figure 1 ). Post-treatment residual masses can meet criteria for complete remission if they are PET-negative. 2 Three patients were discordant at the level of complete remission and stable disease. In one patient (''Other''), the discordance was at the level of partial remission and stable disease. In this patient, although 100% reduction in the sum of the products of diameters and PET-negativity status would confer a status of complete remission per the revised International Working Group criteria, a non-index lesion was assessed as stable disease, and per the charter, non-index lesions assessed as stable disease prevented declaration of complete remission.
One patient (not shown) was assessed as not evaluable by local evaluation because neck and chest CT scans were not obtained by the investigator at Cycle 2. Independent central review was able to make an assessment in the absence of disease involvement in the neck and chest at baseline; the independent central review assessment was partial remission.
Comparison of assessments of time to progression by independent central review and local evaluation
The median progression-free survival was longer by local evaluation by approximately 3 months in the Hodgkin lymphoma study (Figure 2(a) ). Particularly noteworthy was a relatively frequent declaration of progression by independent central review at the Cycle 4 PET evaluation (approximately 3 months) that was subsequently echoed by local evaluation at the Cycle 7 PET evaluation (approximately 5 months) where the two progression-free survival curves come together. A relatively higher rate of declared progression by independent central review compared with local evaluation is again observed subsequent to this timepoint. Although the progression-free survival curve corresponding to local evaluation is also above the progression-free survival curve for independent central review in the anaplastic large-cell lymphoma study, medians were similar (Figure 2(b) ). The median duration of response was longer by local evaluation by approximately 4 to 5 months across studies (Figure 2(c) and (d) ). Differences in response durations for all patients with an objective response by both local and central evaluation are shown in Figure 3 . For the majority of patients (94/115, 82%; indicated by bars in the middle section of Figure 3 , the difference in duration of response was no more than 3 months or approximately one additional response evaluation. For 21 patients, the difference between assessors in duration of response was greater than 3 months; these patients are outlined in Figure 3 and shown in Figure 4 by reason for the difference. For the majority of patients (17/21), response duration was longer by local evaluation, which was primarily due to earlier assessments of disease progression by independent central review. Independent central review assessed progression according to CTbased assessments of new lesions and progression of existing lesions, as well as PET-based assessments of newly positive lesions and recurrence of PET activity in previously active lesions (Figure 4) .
Per protocol, patients who had progressed in the opinion of the investigator were to be discontinued from treatment. To explore whether declarations of progression between the investigator and independent central review occurred closer together when progression did not require early treatment discontinuation 
Discussion
We observed substantial concordance between independent central review and local evaluation in assessment of objective response across two international, openlabel, single-arm, registration studies of brentuximab vedotin in patients with Hodgkin lymphoma or systemic anaplastic large-cell lymphoma. An assessment of objective response was made for 72% and 75% of Hodgkin lymphoma patients per local evaluation and Duration of response shaded according to independent central review or local evaluation is shown for the 21 patients who had response durations that differed by more than 3 months. Patients with Hodgkin lymphoma are designated as ''HL'' and patients with systemic anaplastic large-cell lymphoma are designated as ''ALCL.'' The difference in response duration (local evaluation minus independent central review) is indicated in parentheses for each patient (positive numbers indicate response durations longer by local evaluation and negative numbers represent response durations longer by independent central review). Patients were censored (indicated by '' + '') after the last radiological assessment that documented the absence of progressive disease. Patients are sorted on the y axis according to the degree of difference between assessors within each subcategory of reasons for the difference (''Earlier Progression,'' ''Earlier Response,'' or ''Other''). The patient categorized as ''Other'' had an additional set of long-term follow-up scans available to independent central review for assessment of response, whereas the investigator's response duration was censored back to the last on-treatment response evaluation. independent central review, respectively. In patients with anaplastic large-cell lymphoma, objective response was reported for 83% and 86% of patients per local evaluation and independent central review, respectively. Differences in objective response assessments were primarily due to variability in the reduction of the sum of the products of diameters, which was attributable to the selection of different index lesions at baseline and variations in their measurements. The observation that nearly identical objective response rates between local and central evaluation were observed in both trials despite 11% (17/160) of patients having had different assessments of objective response argues against evaluation bias; nonetheless, a blinded trial showing agreement in the treatment effect estimate between local and independent assessments would be required to confirm the lack of a systematic investigator bias.
Variability was observed between local and central assessments in the time-to-event endpoints, which is not unexpected in advanced diseases where many lesions need to be followed. The progression-free survival curves for local evaluation stayed above those of independent central review in both the Hodgkin lymphoma and the anaplastic large-cell lymphoma studies; however, median progression-free survival in the anaplastic large-cell lymphoma study was almost identical between local and central evaluation. The decreased variability observed in the anaplastic large-cell lymphoma study could potentially be due to the smaller sample size relative to the Hodgkin lymphoma study or the slightly lower proportion of events in the anaplastic large-cell lymphoma study relative to the Hodgkin lymphoma study.
The most variability was observed in the duration of response endpoint, which, by incorporating the measurement of time to objective response as well as the measurement of time to progression, has additional capacity for differences among assessors. Although different measurements of time to response contributed to variability in the duration of response for a few patients, earlier CT-and PET-based declarations of progression by independent central review relative to local evaluation contributed to the majority of patients with significantly different (3 months) response durations.
A certain level of variability between central and local assessments of progression can be expected. Independent central review must rely on a predefined set of data and strictly adhere to a charter when determining progression. For example, the independent central review facility in this study was to make an assessment of progression if a fluorodeoxyglucose-PET positive site returned to being positive if it was previously negative, or if a new extranodal lesion, regardless of the size, appeared by CT. In contrast, the treating oncologist may have been more likely to continue study treatment for one or two additional cycles if a responding patient remained asymptomatic and had new, but equivocal CT and/or PET findings, knowing that a score of progression would require discontinuation of the study drug. Although small sample sizes and different assessment schedules during the treatment and long-term follow-up period preclude strong conclusions, the observation that progression was assessed by local evaluation and independent central review more closely in time during the long-term follow-up period relative to the treatment period suggests that a concern over jeopardizing treatment may have partially contributed to the observed differences in response durations. Nonetheless, we observed that the majority of response durations per local and central evaluation fell within approximately one response evaluation of each other and that progression events declared by independent review, but never identified by local evaluation despite extended follow-up with continued assessments, were reassuringly rare. In these cases, independent review may have declared non-malignant, reversible inflammatory processes as progressions. Alternatively, lesions identified by independent review might have represented early tumor growth that subsequently diminished with continued brentuximab vedotin treatment. Regardless of the underlying reasons, this particular categorical difference between local and central evaluation only occurred in 2.5% of all enrolled patients. The quantitative differences observed in the time-to-event endpoints in this study, therefore, are likely due to the physician's ability to adopt a ''wait-and-see'' approach rather than a systematic qualitative difference that might be more indicative of an evaluation bias on the part of the investigator. However, a double-blinded trial showing a similar degree of variability between local and central assessments of progression across treatment arms would be needed to confirm the lack of differential bias.
Updated recommendations (the Lugano classification) for initial evaluation, staging, and assessment of response in patients with Hodgkin lymphoma and non-Hodgkin lymphoma have recently been published. 15 Although the definitions of objective response are consistent with the earlier criteria, the recommendations include several clarifications on how response should be interpreted. For example, rather than using the mediastinal blood pool as the comparator for PET-based assessments as was recommended by the International Working Group criteria, the new guidelines recommend the use of a five-point Deauville scale. Given the observation that different interpretations of PET contributed to some of the variability observed in this retrospective analysis, it will be of interest to see whether adoption of the new guidelines promotes additional concordance in future trials of lymphoma.
These findings of a substantial degree of concordance of objective response across two different types of lymphoma provide preliminary support for local assessment of response with a limited independent review audit strategy in future trials in Hodgkin lymphoma and systemic anaplastic large-cell lymphoma. These findings require replication with additional and larger studies, blinded and unblinded, that could potentially provide the basis for the type of meta-analyses that were used to support the limited independent review audit strategy that has been proposed for solid tumors. [4] [5] [6] [7] [8] [9] [10] In addition, similar analyses in more common subtypes of lymphoma, particularly those known to be less fluorodeoxyglucose-avid, would be required to evaluate a more general recommendation for this assessment strategy in hematological malignancies.
